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Abstract. Volatile compounds from rosemary dried leaves samples were determined using in-
tube extraction technique coupled with GC-MS analysis (ITEX/GC-MS). In order to achieve the best 
results, the extraction parameters (incubation time, incubation temperature, sample weight, number of 
strokes) were optimized. Depending on the selected extraction parameters, a number of 7 to 23 
volatiles were separated. The major volatile constituents of rosemary dried leaves were -pinene, 
eucalyptol, 3-octanone, limonene, camphene, camphor. The larger number of extracted compounds 
was obtained at high incubation temperatures, but also in the case of an increased number of strokes.  
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INTRODUCTION 
 
The Family Labiatae includes many common species, between which Rosmarinus 
officinalis L. is one of the most widely diffused. It is an evergreen shrubby herb, that can be 
used fresh, dried or as essential oil. The importance of Rosmarinus officinalis L. for 
traditional medicine, pharmacology, medicinal and clinical microbiology, phytopatology, 
food industry (especially food preservation) is due to its biological active compounds that 
have greatly valued properties, such as: digestive, tonic, astringent, diuretic, diaphoretic, 
antidiarrhoic, antirheumatic, pulmonary antiseptic, antioxidant, anti-HIV1, antiulcerogenic, 
anticarcinogenic and antimicrobial, etc. (Celiktas et al., 2007; Mahmoud et al., 2005; Pintore 
et al., 2002). In addition, in the recent years a growing interest of consumer in ingredients 
from natural sources for their products was notice. That is why many researches were focused 
on the characterization of plant extracts, essential oils or their volatile compounds, which 
have a pleasant taste or smell combine with different properties (preservative action aimed to 
avoid lipid deterioration, oxidation and spoilage by microorganisms) (Che Man and Jaswir, 
2000; Sacchetti et al., 2005). 
The analytical methodology used for the determination of volatile compounds in 
vegetable matrices is continuously improving due to the important role of these compounds in 
sensorial quality and health beneficial effects. In-tube extraction (ITEX) combines efficient 
sample extraction, with selective analyte concentration and rapid transfer of target compounds 
to the GC-MS systems. A microtrap filled with adsorbent material, such as Tenax is placed 
between the HS syringe and the syringe needle allowing a rapid, simple and efficient 
extraction and concentration of volatile and semi-volatile sample compounds during 
headspace analysis (Bicchi et al., 2008; http://www.itex-headspace.com/pdf/ITEX.pdf). To 
our best knowledge, there are only a few studies applying ITEX technique to the field of 
volatile compounds from vegetable matrices (David and Devos, Application note #04; Hom 
and George, 2010). 
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The aim of our study was to optimize the extraction parameters for the ITEX technique in 
order to obtain the chromatographic fingerprint for rosemary volatiles compounds. 
 
MATERIALS AND METHODS 
 
The analyses were carried out in the Food Quality and Safety Testing Laboratory 
(FQSTL) from the University of Agricultural Science and Veterinary Medicine from Cluj-
Napoca (UASVM). 
 
Samples 
 The rosemary fresh leaves were collect from the greenhouse of the Phytotechny 
Department from UASVM Cluj. The rosemary leaves were then air dried in a cool dark place. 
 
ITEX analysis  
 In order to achieve an optimal extraction of rosemary volatile compounds, the 
following parameters were optimize: sample weight, incubation temperature, incubation time, 
number of strokes.  
 
Incubation 
temperature 
(oC) 
Incubation 
time (min.) 
Number 
of 
strokes 
Sample 
weight 
(g)          
Method abbreviation 
30 40 20 1 ITEXT30t40s20m1 
40 40 20 1 ITEXT40t40s20m1 
60 30 20 1 ITEXT60t30s20m1 
60 30 20 0.50 ITEXT60t30s20m0.5 
60 10 20 0.50 ITEXT60t10s20m0.5 
60 10 30 0.50 ITEXT60t10s30m0.5 
60 5 20 0.15 ITEXT60t5s20m0.15 
75 15 20 0.50 ITEXT75t15s20m0.5 
85 15 20 0.25 ITEXT85t15s20m0.25 
95 15 20 0.15 ITEXT95t15s20m0.15 
 
The other parameters were maintained constant for all methods: syringe temperature 
60oC; agitation speed 500 rpm; extraction volume 1000 L; extraction speed100 L/s; 
desorbtion temperature 200oC; trap cleaning temperature 250oC; trap cleaning time 2 min. 
The used ITEX fibre was a ITEX-II Trap (G23)-SilicoNert 2000, Tenax TA 80/100 mesh, ea, 
fiber. After incubation a 250 L headspace sample was injected in the GC-MS injector. 
 
GC-MS analysis 
 The analyses were carried out on a Shimadzu GC-MS QP-2010 model gas 
chromatograph – mass spectrometer equipped with an AOC-5000 autosampler (CombiPAL). 
An Alltech, USA, AT-5 capillary column of 30m x 0.25mm i.d. and 0.25µm film thickness 
was used for the analyses. The parameters for the method were: injector temperature 250.0oC; 
pressure 37,1 kPa; linear velocity 32.4 cm/s; split ratio 1:200; carrier gas – helium; detector 
MS; ion source temperature 250.0oC; interface temperature 250.0oC; MS mode EI, scan range 
40-400u; scan rate 769u/s. The program for column oven temperature was: 60oC (5 min) to 
160oC at 4oC/min to 240oC (1min) at 15oC/min. The identification of separated compounds 
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was made based on the comparison of the obtained mass spectra with the ones from the mass 
spectra libraries, NIST27 and NIST147. 
 
RESULTS AND DISCUSSION 
  
The volatile compounds extracted and separated from the rosemary samples using the 
described ITEX/GC-MS methods, are listed in table 1 and 2. 
The first tested parameter, which influences the extraction of volatile compounds, was 
the sample weight. Thus, using the ITEXT60t30s20m0.5 and ITEXT60t30s20m1 methods, a 
0.5g and a 1g of rosemary dried leaves sample were analyzed in the same conditions. A larger 
number of compounds was obtained in the case of 1g sample. So, doubling the sample weight 
has as result an increase in the number of separated compounds. But, for a large sample 
weight the concentration of -pinen is also very high (49,97%) and thus may lead to a 
saturation of the detector.   
The influence of the incubation time on extraction of volatile compounds can be 
observed by comparing the data obtained with ITEXT60t5s20m0.5, ITEXT60t10s20m0.5 and 
ITEXT60t30s20m0.5 methods, for which the incubation temperature (60oC), sample weight 
(0.5g) and number of strokes (20) were kept constant, varying only the incubation time. Thus, 
by increasing the incubation time from 5 to 30 minutes, the number of separated compounds 
increases from 7 to 9. Furthermore, between 10 and 30 minutes of incubation, no difference in 
the number of separated compounds was noticed (figure 1). 
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Fig. 1. The influence of incubation time on the number of separated compounds 
 
Another important parameter in the optimization of ITEX/GC-MS method was the 
number of strokes. Comparing the results obtained with ITEXT60t10s20m0.5 with those 
obtained with method ITEXT60t10s30m0.5, it can be notice that increasing the number of 
strokes, increases the number of separated compounds, some minor compounds like -pinene, 
-phellandrene, -terpinene and -terpinene being also detected. As it can be observed from 
table 2, the number of strokes in the determination of rosemary volatiles has a greater impact 
that incubation time. For example, in when 20 strokes were performed, 9 compounds were 
separated compared with 14 compounds separated for a 30 strokes method.    
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Tab. 1 
The composition of rosemary dried/fresh leaves samples incubated at 60oC for, using the ITEX/GC-MS andHS/GC-MS technique 
 
Concentration (% from total peaks area) Nr. 
Crt. Compound 
Retention 
time (min) ITEX 
T60t5s20m0.15 
ITEX 
T60t10s20m0.5 
ITEX 
T60t10s30m0.5 
ITEX 
T60t30s20m0.5 
ITEX 
T60t30s20m1 
1.  N.I.a 7,974 - 9,05 3,46 5,64 4,74 
2.  -Pinene 8,057 33,46 28,26 28,83 28,93 49,97 
3.  N.I.a 8,483 - - 5,04 - - 
4.  Camphene 8,632 5,87 5,10 6,29 5,45 9,40 
5.  -pinene 9,723 - - 1,02 - 0,66 
6.  N.I.a 9,968 - - - - - 
7.  3-Octanone 10,078 14,49 13,86 11,43 15,40 7,39 
8.  -myrcene 10,290 16,26 14,79 16,97 17,27 8,33 
9.  -Phellandrene 10,830 - - 1,15 - 0,87 
10.  -Terpinene 11,333 - - 0,73 - 0,72 
11.  o-cimene 11,637 - 3,32 3,43 3,07 2,23 
12.  Limonene 11,824 4,54 6,23 3,90 6,09 7,26 
13.  Eucalyptol 11,920 15,33 14,01 12,74 13,60 6,61 
14.  -Terpinene 13,072 - - 0,54 - - 
15.  Camphor 16,547 10,05 5,38 4,47 4,54 1,81 
a –not identified 
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Tab. 2 
The composition of rosemary dried leaves samples incubated at different temperatures using the ITEX/GC-MS technique 
 
Concentration (% from total peaks area) Nr. 
Crt. 
 
Compound Retention time (min) ITEX 
T30t40s20m1 
ITEX 
T40t40s20m1 
ITEX 
T60t30s20m1 
ITEX 
T75t15s20m0.5 
ITEX 
T85t15s20m0.25 
ITEX 
T95t15s20m0.15 
1.  N.I.a 7,612 - - - - - 0,06 
2.  N.I.a 7,952 5,99 5,56 4,74 5,24 2,43 1,60 
3.  -pinene 8,040 52,14 52,67 49,97 58,50 48,25 59,27 
4.  N.I.a 8,467 - -  1,03 0,84 0,42 
5.  Camphene 8,609 10,39 10,56 9,40 6,78 5,14 5,37 
6.  trans-Verbenol 8,835 - - - - - 0,05 
7.  -pinene 9,707 - 0,67 0,66 0,43 0,33 0,18 
8.  N.I.a 9,983 - - - 0,23 0,23 0,48 
9.  3-Octanone 10,075 7,72 6,43 7,39 6,90 10,93 5,25 
10.  -myrcene 10,280 10,14 9,28 8,33 9,16 6,82 3,67 
11.  3-Octanol 10,472 - - - - 0,09 0,06 
12.  -Phellandrene 10,811 - 1,09 0,87 0,98 0,72 0,40 
13.  -terpinene 11,323 - 0,27 0,72 0,70 0,59 0,30 
14.  o-cimene 11,629 2,02 2,17 2,23 1,28 1,71 1,26 
15.  Limonene 11,817 7,64 7,22 7,26 4,87 7,02 5,10 
16.  Eucalyptol 11,920 3,96 4,06 6,61 3,56 9,81 9,85 
17.  N.I.a 12,230 - - - - 0,04 - 
18.  -Terpinene 13,088 -   0,20 0,19 0,07 
19.  Terpinolen 14,309 - - - - 0,09 - 
20.  -Linalool 14,763 - - - - 0,08 0,10 
21.  Camphor 16,569 -  1,81 0,15 4,10 5,48 
22.  Borneol 17,432 - - - - 0,27 0,49 
23.  -Terpineol 18,410 - - - - 0,07 0,14 
24.  Verbenone 19,137 - - - - 0,15 0,22 
25.  Caryophyllene 26,913 - - - - 0,09 0,13 
a –not identified 
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The effect of incubation temperature is shown figure 2: an increase in incubation 
temperature leads to an increase of separated volatile compounds. Thus, even if the sample 
weight and incubation time are reduced, if the incubation temperature is increased, an 
increased in the number of separated compounds is observed. For example, using the 
ITEXT40t40s20m1 methods were separated 11 compounds, while using the 
ITEXT75t15s20m0.5 or ITEXT95t15s20m0.15 methods, 15 respective 23 compounds were 
separated. Although, over a certain incubation temperature the number of separated 
compounds does not increase (methods ITEXT85t15s20m0.25 and ITEXT95t15s20m0.15). In 
addition, at high incubation temperatures, -pinene accumulates in the Tenax fiber, its 
concentration reaching 59.27% and this may affect the detection of minor compounds. 
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Fig. 2. The influence of incubation temperature on the number of separated compounds 
 
CONCLUSIONS 
  
In order to optimize the ITEX method for rosemary volatiles, several parameters were 
varied: incubation time, incubation temperature, sample weight, number of strokes. The 
increase of sample weight has as result an increase in the number of separated volatiles, but 
also an accumulation of -pinene in the Tenax fiber. The increase of incubation time, leads to 
a better extraction, but over a certain value the increase in the number of separated volatiles in 
insignificant. A much bigger influence on the extraction have the incubation temperature and 
number of strokes. Thus, even if the sample weight and incubation time are reduced, if the 
incubation temperature is increased (or if the number of strokes is increased), an increased in 
the number of separated compounds is observed. Nevertheless, is still necessary a further 
optimization of ITEX technique, since other parameters, such as: adsorption rate, desorption 
rate, desorption temperature, etc., may influence the extraction and separation of volatile 
compounds. 
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